The contemporary shipping industry is a high-risk business activity that is highly regulated by the International Maritime Organization (IMO). Changes in IMO regulations are often triggered by major incidents that bring safety at sea into public view. They may address ship instruments, operation, cargo, crew, environment, security and safety, and can generate higher Capital Expenses (CAPEX) and Operational Expenses (OPEX) for shipping businesses. Oil tanker owners are key stakeholders in the shipping industry and are most exposed to the risk of higher on-cost expenses both for CAPEX and OPEX. Between 2006 and 2019, regulations regarding oil tankers were changed six to seven times per year. This paper assesses the financial impact of changes in major international maritime regulations, primarily, the International Convention of Safety of Life at Sea (SOLAS), MARPOL, and STCW. The methodology involves using a risk matrix from a specific company and combining it with system dynamics to forecast the dynamic effect of such changes on the oil tanker market. The result shows that changes in regulations can have a catastrophic impact on the sustainability of the oil tanker business.
INTRODUCTION
The International Maritime Organization (IMO) is the only international regulatory body for safety affairs in the maritime industry, and is directly concerned with promoting quality in the shipping industry, particularly, through the prevention of marine accidents or sea pollution (Mitroussi, 2004) . The shipping industry has been alert to potential marine disasters ever since the sinking of the Titanic in 1912. On several occasions, a tragic accident has raised international safety issues and led to the development of major international conventions. The International Convention of Safety of Life at Sea (SOLAS) was the first international treaty concerning the safety of ships. The first version of this regulation was adopted in 1914 in response to the Titanic disaster. Although safety remains IMO's most important responsibility, the new problem of pollution has emerged as significant.
The growth of the shipping industry in the late 1960s especially in oil tankers, and the Torrey Canyon disaster of 1967, where 120,000 tons of oil was spilled into the sea, raised serious concerns. Consequently, IMO introduced a series of measures to prevent tanker accidents and minimize their consequences. The most important measure was the International Convention for the Prevention of Pollution from Ships, 1973 as modified by the Protocol of 1978 relating thereto (MARPOL 73/78) . Other regulations have also extended this concern to the design and structure of ships. In 1989 the tanker "Exxon Valdez" ran aground in the pristine waters of Alaska's Prince William Sound and spilt 10 million gallons, or about 20% of its cargo of crude oil. The primary cause of the incident was groundings, and, thus, the IMO committee concluded that the most cost-effective design to prevent major oil spills was a double-skinned hull. Two major initiatives were also established that extended safety and security to human elements. In July 1998, the International Safety Management Code (ISM) came into force, and in July 2004, a new, comprehensive security regime for international shipping, including the International Ship and Port Facility Security (ISPS) Code (made mandatory under amendments to SOLAS adopted in 2002) was initiated in response to increasing concerns about security after the tragic September 11 terrorist attack.
These regulations and initiatives have definitely reduced the number of marine accidents (Eliopoulu & Mikelis, 2015) . However, they have also affected how the shipping industry is perceived within the international maritime regime. Research conducted in 1982 by Abrahamson found a shift from "how does the environment affect the ships?" to "how does the ship affect the environment". This change from the environment to the ship as the main focus for regulating safety and security at sea means that shipping companies have to increase their capital base, make new investments and disclose more information about their operations. (Grammenos & Choi, 2014) . One area of shipping management that is most profoundly affected is shipping finance.
In the study of maritime regulations, researchers have mainly focused on their impact on safety at sea, pollution, and performance analysis. There has been little research on their financial impact on the shipping industry, particularly in regard to managing the risk of changes to maritime regulations that may be quite excessive (Karahalios, 2015) . It has been challenging for many private organisations of the shipping industry to develop their business in such a regulatory climate (Klikauer & Morris, 2003; Neser, et al., 2008; Progoulaki & Theotokas, 2010; Tsai, et al, 2009 ). Whilst such regulations are important, they have imposed significant changes upon the ship operators. The shipping business is important; ships are now involved in roughly 90% of global trade. the global shipping industry generates an annual income of almost USD500 billion in freight rates, representing approximately 5% of the total global economy (Albertjin, et al., 2011) . In turn, levels of capital investment are also very high; modern vessels are sophisticated assets that often require more than USD150 million to build, depending on type and size.
This study focused on the oil tanker business because it is a major stakeholder in the shipping industry. Table 1 illustrates that dry bulks has 34% total volume of world seaborne trade is dry bulk consisting of iron ore, coal, grain, bauxite and alumina and phosphate rock. However, the biggest cargo type transported in the world, and by oil tankers, is fossil fuel at 26% of total volume of world seaborne trade. Researchers have argued that the maritime industry is overregulated, and is even one of the most heavily regulated industries (as discussed in Karahalios, 2015; Alderton & Leggate, 2005; Alizadeh, et al, 2015; Horn, et al, 2008) . Although, many people agree that the IMO should increase safety standards at the sea, the costs for private stake holders that are generated by changes in regulations are also significant. These costs include the expenses necessary to conform to existing regulations as well as preparing for forthcoming measures. Deadlines for the implementation of regulations can be challenging to meet when they overlap with the long recession periods occasionally generated by unpredictable marker cycles. The average time between adoption and entry into force has been calculated as 3.1 years (Knapp & Franses, 2009) . Moreover, the interest of ship owners to comply with regulations is much narrower than that of the states. Consequently, ship owners will usually encounter a conflict of interest between controlling their clients and retaining their market share. Their willingness to contribute regulatory changes depends on the benefits they can gain in relation to the significant cost that they will bear in implementing the standards (Karahalios, 2015) , particularly given that the shipping industry will require more capital in the near future due to aging fleets and higher safety standards (Albertjin, et al., 2011) .
METHODOLOGY
Regulatory changes raise many questions in the context of assessing their impact on the shipping industry such as: Do they incur a risk to the business community, especially from the perspective of the owners of oil tankers? How do we measure their effect as a form of financial risk? How can their impact on company revenue be modelled? How do we forecast the future impact of these changes in tanker market? New tools and solutions are needed to evaluate the impact of implementing changes to IMO regulations, particularly if they are understood as risks. Established principles such as risk analysis, knowledge management and cost evaluation. (Karahalios, 2015) can be utilized as management tools. This study uses a risk assessment approach as a method to assess the financial impact of changes in IMO regulations, especially regarding oil tankers. Risk assessment methods are widely used in various areas of research (for example, Soares & Teixira (2001); Wang (2006) ; Rigaud, et al (2012) . However, they have not been specifically used in relation to the shipbuilding industry and rarely to discuss the financial impact of regulatory changes. Yet, stakeholders in the shipping industry need to adopt new tools in order to quantify the risk and implement new approaches to fund capital budgeting (Albertjin, et al., 2011) .
This study also uses a system dynamic simulation to forecast the impact of changes to maritime regulation. This method has been used in various forms of research when the focus is very complex; it is, thus, an effective means for modeling the impact of regulatory changes because variables are correlative with time. System dynamics can enable stakeholders, such as the owners of tanker ships to develop mitigation strategies for effectively implementing changes to regulations. Empirical analysis is conducted by exploring data obtained from the publication of the ABS (American Bureau of Shipping) in 2015. This data set contains 834 changes to IMO's maritime regulations (SOLAS, MARPOL, 
Risk Management Approach
Shipping has also always been a volatile business, subject to extreme changes in revenues, operating cash flows and asset values. Risk assessment involves two factors: the probability of its occurrence and the consequences of its materialization (Ben-Asher, 2008; Androu, et al., 2014; Song & Panayides, 2012; Grammenos, 2010) . The risk management technique for this study consists of five steps to assess the impact of the regulatory change;
Step (1) Identify the impact area. According to Leggate, et al., (2005) changes in maritime regulations can have an impact on five areas, which are Ship Instrument/Construction, Ship Operation, Cargo Ship, Crew/person onboard, Environment and Security.
Step (2) Determine the consequence. Each change is analyzed by estimating the implementation costs from interviews with experts in shipping finance. The financial impact expended by the shipping company/owner is then calculated to obtain the total cost of implementation. In application, the determined implementation cost is multiplied by the number of tanker fleet owned by the company and the total annual costs for their maintenance and service. This will help to determine the consequence criteria in the risk matrix.
Step (3) Determine the frequency/likelihood: The average number of changes to regulations that occur each year is calculated. This figure is determined by dividing the total changes within the period from 2006-2019.
Step (4) Define risk: Risk assessment is conducted by using the risk matrix used by thecompany chosen as a case study Step (5) Establish acceptable level of risk: This step is to represent all the risk assessment for the attribute in the decision matrix by case company
System Dynamics Modelling and Simulation Approach
System-dynamics is a structural system with an architecture that incorporates cause and causality relations and provides a user-friendly interface for conducting sensitivity analyses (Sterman, 2004) . Furthermore, it does not require external calculations and can incorporate assessments of several external variables, such as changes in the demand for oil and in new building costs, and several fundamental relationships, such as the rate of the construction lag or the pace at which the system reaches equilibrium.
The first step is to modelize correlations between each variable by using a causal loop diagram, as this method can visualize the relationships between different variables in a system. The diagram consists of a set of nodes and edges. Nodes represent the variables and edges represent a connection or a relation between the two variables. A link marked positive indicates a positive relationship, and a link marked negative indicates a negative relationship. A positive causal link means the two nodes change in the same direction, i.e. if the node in which the link starts decreases, the other node also decreases. Similarly, if the node in which the link starts increases, the other node increases as well.
A negative causal link means the two nodes change in opposite directions, i.e. if the node in which the link starts increases, the other node decreases and vice versa showed causality process. Moreover, causal loop diagram useful to describe relation between variable involved in the system and relation effect in one system with another. The arrow marked positive that indicate equal relation, where if there is additional value on variable will increase the variable affects. The arrow marked negative showed inverse relation, where there is additional value will lead to reduction in the variable affected. Figure 1 shows a causal loop diagram for a mitigation scenario regarding the impact of IMO regulatory changes on the shipping industry at an international scale. It reveals that regulation changes will require the ship owner to modify vessels, the costs of which involves a financial risk. Modifications to vessels will also then effect the company's policy on chartering vessel from the spot market. On the other hand, decisions to modify the vessels or a vessel scraping if the modification is not cost effective may also affect the availability of the fleet. Vessel scraping may also require a new building policy. Each scenario will have a financial impact on the company. A causal loop diagram was then created specifically for a case company in Indonesia whose core business is the production of oil and gas and who operate a tanker vessel to distribute it thoughout Indonesia. Figure 2 below shows the causal loop diagram for this case study.
The causal loop diagrams focus on the impact of regulatory changes on freight costs, as freight is the main core variable in the shipping industry. Freight is a carriage or transportation cost of cargo that is paid by the charterer to the tanker owner. In the analysis, the effect of regulation change on freight is influenced by three main factors, capital expenditure (capex), operating expenditure (opex) and voyage cost, mainly because regulatory changes will cause additional costs for both freight costs and bunkers, ship instruments as well additional crew cost. In the causal loop diagram, regulatory changes show a positive link, because the effect of regulatory changes will always increase freight costs and other variables. The next step is to interpret this causal loop diagram into a stock and flow diagram (model) using system dynamic software, and then run the model simulation.
The simulation model runs within fourteen years, starting from 2006 to 2019 with a step per day. For minimizing inequality between ship categories, ship population os divided into 3 clusters namely:
General Purposes (GP) -2 ships 2. Medium Range (MR) -7 ships 3. Large Range (LR) -5 ships
The simulation is run by inputting each value from Figure 4 into a combined stock and flow diagram. 
RESULTS & DISCUSSION
The data of regulatory obtained from ASB Future IMO legislation document of MSC74 to MSC95 issued by IMO. The document contains international maritime regulatory changes during 2006-2019. Regulation changes consists of SOLAS, MARPOL, Load Line and STCW. Data of regulatory changes used to all types of ship, but in this research focused only on international maritime regulation for tanker ship. After elimination for relevant case, there are 125 regulatory changes and 83 regulation is mandatory to tankers. Data regarding the number of regulatory changes was analyzed according to the area of impact, which includes ship instrument/construction, operation ship, cargo ship, crew/person on board, environment and security. According to (Leggate, et al., 2005 ) the effect of changes in maritime regulations can be classified according to the impact area. Impact area is kind influence / impact resulting from changes in maritime regulations. Impact due to changes in regulation of the maritime area consists of; are on ship instrument/construction, operation ship, cargo ship, crew/person on board, environment and security. Table 2 shows that 66 regulatory changes have had an effect on instruments, 17 on operation. 2 on cargo. 4 on crew and 1 on environment, and there are none of these regulatory changes have impacted security. The consequence of the changes is determined by estimating implementation costs from interviews with experts in shipping finance. Figure 3 illustrates the total cost required to comply with the total of 83 regulations that changed during 2006 USD compliance cost must added to capital expenditure.
In addition, the implementation costs of regulatory changes to MARPOL and STCW did not significantly change during this period. The most significant impact of regulatory changes on MARPOL occurred in 2006, which is when the IMO enforced the single hull to double hull regulation. The compliance cost for every year is then calculated based on tanker type. Table 3 show the name of tanker ship owned by case company and Table 4 illustrates the instrument cost or compliance cost for each vessel.
After calculating implementation costs, the total costs faced by the case company are illustrated in Table 4 . Two type of costs need to be expended by the shipping company to comply with maritime regulations, namely initial costs and annual costs. (UNCTAD, 2007) The financial impact can be calculated by summarizing the initial cost and annual cost. Further, annual costs are divided into maintenance costs and service costs, respectively 6% and 5% from initial costs (Smith, 2015) . Based on Table 5 , the total consequences for each ship type show different values. Consecutively, the value of the consequence on General Purpose (GP) vessels is 1.3 million USD, while the Medium Range (MR) vessel of 2.7 million USD and the last for Large Range (LR) vessels has a consequent value of 2.4 million USD. The difference in the value of these consequences is due to the number, size and type of vessel. The calculation shows the average value of total financial impact as 6.5 million USD. Therefore, the average financial impact found as 6.5 million USD considered as "Insignificant" to case company business according to criteria rating in Table 6 . The last step is to determine the likelihood by calculating the average frequency of regulatory change per year. The total regulation change (83 regulations) is divided with interval period from 2006-2019 (12 years). Therefore, there are nearly seven regulatory changes in average affecting oil tankers per year and this value is considered as "likely" based on the likelihood criteria in Table 7 . Finally, the last step is to evaluate how IMO's regulatory changes impact on the business by using a risk register. The result of multiplication criteria between consequence and frequency is formulated into a risk matrix to obtain the Risk Priority Number (RPN). 
CONCLUSION
Results of this study reveal that regulatory changes can be a financial risk for the shipping industry. This conclusion is based on a risk assessment conducted in case company where the risk was categorized as catastrophic to their business. Moreover, the more ships owned by a shipping company will increase the financial impact of regulatory changes. The results from system-dynamics modelling show that regulation changes affect the spot-charter variable in the freight market.
This method has revealed that the freight rate from year to year has increased significantly. Freight per day varies greatly for each category of vessel, especially in 2010 until 2015, which is the result of regulatory changes that are applicable to the three categories of vessels. But when viewed from its value, such is not significant enough because less than $ 500.
The response of ship owners to mitigating the risks of regulatory changes, such as increasing their charter rates, has financial consequences for other players in the maritime industry. Moreover, the total changes that are occurring in regulations on an annual basis is increasing, which will affect the total cost of building new ships and thus have financial consequences for other industries. The findings of this research and its methods can be used by shipping companies, who are the most exposed to the financial risks imposed by regulatory changes in maritime regulations. They could use the proposed risk assessment method to calculate this financial impact and thereafter use it for their own risk register.
